Methods
generated in situ via electrochemical oxidation of AcFc with the concomitant reduction reaction occurring in a compartment separated from the electrochemical cell using a Vycor frit.
Potassium ferricyanide (K 3 [Fe(CN) 6 ], 99.2%, Sigma-Aldrich) and potassium ferrocyanide (K 4 [Fe(CN) 6 ]•3H 2 O, ACS Certified, Fischer Scientific) were used as received. LiClO 4 (battery grade, Sigma-Aldrich) was used as received. Petri dishes used were Falcon Optilux™ branded and were cleaned with water prior to use. All other chemicals were used as received unless otherwise noted.
Electrode Fabrication
A monolayer film of graphene was formed via chemical-vapor deposition (CVD) of carbon onto a Cu foil. A 25 μm-thick Cu foil (99.999%, Alfa Aesar) was heated in a tube furnace to 800 °C at a pressure of 50 mTorr and annealed for 10 h under a 2 sccm flow of H 2 (g). Graphene was subsequently synthesized on the surface of the copper foil by flowing CH 4 (g) (35 sccm) and H 2 (g) (2 sccm) at 1000 °C and 250 mTorr. This method of graphene growth has been shown to grow polycrystalline, monolayer graphene and Figure S1 shows a representative Raman spectrum of the starting material graphene on 300 nm SiO 2 on Si.
1 After growth of the graphene, the gas flow rates and chamber pressure were maintained and the Cu foil was rapidly cooled to room temperature by removing the furnace from the growth section of the process tube. The graphene synthesis resulted in grains that were 0.2 to 5 μm on a side, and an analysis of the grain size and grain distribution of the resulting polycrystalline graphene film has been presented in Petrone, et al., 2008. 1 The surface was then covered with a coating of 495K A4 polymethyl methacrylate (PMMA, MicroChem) by spinning at 2000 RPM (500 RPM s -1 acceleration) for 60 s, followed by a 10 10-min bake at 185 ˚C. This procedure was repeated for a total of two PMMA applications. The Cu was etched away using either a 15% The electrodes were affixed to a Cu wire with Ag paint, and all surfaces, except the electrode, were insulated from the electrolyte by use of Loctite Hysol 9460 epoxy. On average, out of ten fabricated electrodes, two to three showed very low shunt resistances in nonaqueous electrolytes and/or displayed minimal protection of the Si surface from oxidation. The remaining 7-8 electrodes gave data consistent with that shown Figures 1, 2 , and 3. An analogous process was used to fabricate electrodes that were not coated with graphene (n-Si-H and n-Si-Me electrodes). Methylated silicon wafers were prepared using a previously reported procedure. 3 Before use, the graphene-free, non-methylated Si electrodes were terminated with Si-H bonds by exposure to buffered HF(aq) for 30 seconds. Electrodes were also fabricated by exposing silicon wafers to the same conditions as the graphene-transfer procedure, except that no graphene was present between the PMMA and Cu. Such electrodes were not HF-etched prior to use.
Instrumentation
X-ray photoelectron spectroscopy (XPS) data was collected at ~5 × 10 −9 Torr using a Kratos AXIS Ultra DLD with a magnetic immersion lens that consisted of a spherical mirror and concentric hemispherical analyzers with a delay-line detector (DLD). An Al Kα (1.486 KeV) monochromatic source was used for X-ray excitation. Ejected electrons were collected at an angle of 90° from the horizontal. ) confirm the monolayer, defect-free nature of the starting material.
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Mott-Schottky Fitting Procedure
To perform the Mott-Schottky analysis, a 10 mV sinusoidal AC signal was superimposed over The frequency of the AC signal was varied from 50 to 300 kHz at each DC bias. The impedance data were modeled by the equivalent Randle's circuit shown in figure S2 , and best fits were obtained using the fitting procedure executed by the ZView electrochemical software (Scribner Associates, Inc.). The data in Table S1 and Table S2 were used to approximate the area-normalized series resistance imparted to the n-Si/Gr electrodes by the fabrication procedure at approximately 9 Ω cm 2 by comparing the average areanormalized resistance of the n-Si/Gr and n-Si-H electrodes (24.4 Ω cm 2 and 15.1 Ω cm 2 , respectively).
The J-E data of n-Si/Gr under illumination in contact with CH 3 CN-Fc 0/+ electrolyte indicated a series resistance of 23.1 ± 5.1 Ω cm 2 (6 electrodes), in excellent accord with data found via electrochemical impedance spectroscopy. Figure S2 . Equivalent circuit used to analyze the impedance data. 
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Description of Semiconductor/Gr/Electrolyte Model
To gain a better understanding of the electrochemical and photoelectrochemical effects of graphene, the equilibration of the three-phase semiconductor/graphene/electrolyte system was analyzed.
The following assumptions were made:
• The Fermi level of all three phases is the same at equilibrium.
• Equilibrium is obtained through charge transfer between the three phases.
• The initial Fermi level of the semiconductor (E F,SC ) is closer to the vacuum level than the initial Fermi level of graphene (E F,Gr ), which is in turn is closer to the vacuum level than the initial Fermi level of the electrolyte (E F,electrolyte ) .
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• The sum of the net charge in the three phases is zero, as required by electroneutrality: Q sc + Q Gr + Q liquid = 0, where Q sc is the net charge in the semiconductor, Q Gr is the net charge in the graphene, and Q electrolyte is the net charge in the liquid electrolyte.
• The potential drop in the semiconductor (V bi ) is well-modeled by the potential drop of a semiconductor under depletion conditions.
• The potential drop in the electrolyte (V H ) is well-modeled using the known capacitive and dielectric properties of a typical electrolyte solution.
• The Fermi level of the graphene phase may be strongly shifted by the addition or loss of electrons, due to the low density of states and atomically thin structure of the graphene.
This shift (V Gr ) can be predicted using the theoretically calculated DOS of graphene. 7 V Gr is a shift in the graphene Fermi level and not an electrostatic potential drop.
• The potential drop in the interfacial layer between the semiconductor and graphene, as well as the potential drop the interfacial layer between graphene and the liquid electrolyte contact, is negligible.
Essentially, Poisson's equation was solved while treating the n-Si/Gr/electrolyte interface as consisting of a depleted semiconductor (Si) of known dielectric and capacitive properties in contact with an atomically thin material with the known density of electronic states as a function of energy of graphene, with this entire phase in contact with a phase consisting of the known dielectric and capacitive properties representative of a typical electrolyte solution. This treatment parallels, and is consistent with, the interfacial charge equilibration and surface state models that have been developed previously for semiconductor surfaces and are extensively described in the literature. 8, 9 To calculate the equilibrium values of Q sc , Q Gr , and Q electrolyte , as well as V bi and V H , the analysis was broken down into two steps and iterated. First, the equilibrium values for the two-phase Gr/electrolyte system were determined using
Poisson's equation. Then, using these values as the starting condition, the final self-consistent state for the two-phase Si/Gr system was solved using Poisson's equation. These values were then used as starting conditions for the first two-phase Gr/electrolyte system, and the process was iterated until the values converged to a global minimum. Poisson's equation was solved using a method previously described for equilibration of a two-phase system.
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The constants used in the modeling were as follows. The electron affinity of Si was taken to be -4.05 eV vs. vacuum. 10 The Helmholtz layer was set to 5x10 -8 cm and κ l was set to 4.0.
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The potential distribution in the two-phase Gr/electrolyte system was modeled by the following equations:
where φ Gr is the Fermi level of the graphene with respect to vacuum, φ electrolyte is the Fermi level of the liquid electrolyte with respect to vacuum, however, only one of the results is physical. The equilibrium charge distributions for the two-phase Gr/liquid system are Q Gr, eq-a = ΔQ and Q electrolyte, eq = -ΔQ. The energy of the Fermi levels at equilibrium implies that the graphene is positively charged and the liquid phase is negatively charged.
To determine the charge distribution for the three-phase Si/Gr/electrolyte system, the two-phase Si/Gr system was modeled by the following equation:
where:
where Q sc = 0, Q Gr = Q Gr, eq-a from above, ΔQ is the change in charge required to reach equilibrium, q is the elementary charge, N D is the dopant density, ε o is the permittivity of free space, and κ sc is the relative permittivity of the semiconductor phase. 8 The sign convention on ΔQ was chosen to reflect the decrease in positive charge on the graphene phase and the increase in positive charge on the semiconductor. The graphene phase "loses" charge because it was previously positively charged from equilibration with the liquid phase, and the relative Fermi levels of the semiconductor and graphene phases dictate that the semiconductor transfers negative charge to the graphene. The solution to this system of equations results
in four values for ΔQ because of its quartic dependence; however, only one of the results is physical. The equilibrium charge distributions for the two-phase Si/Gr system are Q sc, eq = ΔQ and Q Gr, eq-b = (Q Gr, eq-a -ΔQ). The energy of the Fermi levels at equilibrium implies that the semiconductor is positively charged and that the graphene remains positively charged.
Equilibration of the two-phase Si/Gr system resulted in non-equilibrium conditions for the twophase Gr/liquid system as the graphene charge density, and thus potential drop, changed. Thus, the first set of equations was re-solved with the initial conditions, Q Gr = Q Gr, eq-b and Q electrolyte = Q electrolyte, eq . The S12 solutions were then used as initial conditions in the second set of equations as Q sc = Q sc , eq and Q Gr = Q Gr, eq-a , re-solved, and the process was iterated until |Q Gr, eq-a -Q Gr, eq-b | < Q Gr, eq-a x 10 -5 . The converged values of the charges were determined to be Q sc, eq = (+) 2.30 x 10 -8 C, Q Gr, eq-a = Q Gr, eq-b = (+) 9.67 x 10 -7 C, and Q electrolyte, eq = (-) 9.97 x 10 -7 C. These were used to calculate the potential drops: V bi ≈0.65 V, V Gr ≈0.35
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XPS Analysis
XPS analysis was performed in order to determine the effect of graphene-covering procedure on the n-Si surface. No silicon oxide was detected on freshly HF-etched silicon surfaces ( Figure S4 ). Silicon oxide was detected on the graphene-covered sample ( Figure S5 ) and quantified using a simple substrateoverlayer model described by equation 7 14 :
Where d is the overlayer thickness, λ ov is the attenuation factor through the oxide overlayer (assumed to be 2.6 nm)
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, the angle from the surface of the sample to the detector (90°), is an instrument normalization factor related to the expected signal for a pure Si and a pure SiO 2 sample (taken to be 1.3 for this instrument), I ov is the measured intensity of the silicon, and I ov is the measured intensity of the silicon oxide overlayer. The thickness of a monolayer of oxide was taken to be 0.35 nm. 16 Using the data in figure S5 , equation 7 indicates that the oxide thickness was approximately 0.41 nm, or 1-2 monolayers of oxide. Figure S6 . Representative high resolution XP spectrum of the copper region of a silicon wafer covered by graphene. Spectrum indicated copper impurities below the detection limit of the XPS instrument used.
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Methylated n-Si stability versus graphene-covered n-Si stability
It is interesting to compare the electrochemical stability imparted by the presence of a graphene layer to the stability imparted by methyl-termination of the silicon surface since both entail a single layer of carbon atoms covering a silicon lattice. As seen in figure S7 , at lower light intensities, the n-Si-Me electrode performance is comparable to that of the n-Si/Gr electrode performance. However, as seen in figure S8 , at higher light intensities, the n-Si/Gr electrode yielded more stable performance than the n-SiMe electrode. Future studies will evaluate the stability when these protection techniques are used in tandem. 
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PMMA/Cu Control electrodes
Bare n-Si electrodes were fabricated analogously to graphene-covered electrodes except that PMMA/Cu stacks were used instead of PMMA/Gr/Cu stacks. As shown in Figure S9 , such PMMA/Cu S16 coated Si electrodes were unstable under our test conditions and exhibited rapid passivation due to oxide formation. n-Si/Gr and n-Si-H Electrode stability at ~100 mW cm -2
As seen in Figure S10 , both the n-Si/Gr and n-Si-H electrodes showed degradation of performance under approximately 1 sun illumination, albeit at reduced rates for the n-Si/Gr electrode.
This underscores the need for further strategies, such as methyl termination combined with graphene multiple layers of graphene, in order to address the challenging issue of obtaining long-term protection of Si in aqueous solution while evolving oxygen from water. 
